Health-related behaviors Hepatitis B carrier Hepatitis C carrier Infection Background: Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections are the leading causes of liver cirrhosis and hepatocellular carcinoma. Little is known about the relationship between health-related behaviors and health status among HBV or HCV carriers. Objective: The purpose of this study was to explore the relationship between health status (eg, specific biomarkers) and health-related behaviors (eg, alcohol consumption) in individuals with or without HBV or HCV infection.
community better understand the relationships between specific risk factors and liver health, encouraging hepatitis carriers in rural areas to undergo annual physical check-ups. L iver cancer is 1 of the most common cancers worldwide, particularly in Asia. 1 According to the Taiwan health report, 2, 3 cancer is a leading cause of death, with a standardized mortality rate of 131 in 100 000, and on the basis of International Classification of Diseases, 10th Edition, data, liver cirrhosis and hepatocellular carcinoma (HCC) are the second most common causes of cancer-related death in Taiwan, accounting for 34.9 deaths per 100 000 persons. 3 Evidence indicates that hepatitis B virus (HBV) and hepatitis C virus (HCV) infections are the leading causes of liver cirrhosis and HCC, and an estimated 620 000 persons die annually from hepatitis virus-related liver disease. 1, 4 Hepatitis B virus and HCV infections and their sequelae remain a major health problem affecting billions of people globally. 1, 7 The mechanism by which hepatitis virus infection leads to liver cancer might involve the chronic inflammation caused by the former. Chronic HBV infection is present in approximately 60% to 90% of adult HCC cases and nearly 100% of childhood HCC cases in areas endemic for HBV infection. 5 Taiwan has been an HBV-endemic area, and, previously, as many as 15% to 20% of the adult population were chronic HBV carriers, compared with only 0.5% in North America. 6 However, its prevalence declined to 9.6% in 2007 after 20 years of a large-scale vaccination program. 6 The prevalence of infection is greater in rural areas; for example, the crude death rate in Yunlin County is 84 of 100 000 men and 20 of 10 5 women, which is higher than that in most cities in Taiwan. 6 In recent decades, the nursing profession has improved the quality of liver-related cancer care in clinics. However, little has been done to enhance cancer prevention strategies among HBV or HCV carriers in rural areas and only a few studies have explored the relationships between health-related behavior and health status among these individuals.
Hepatitis B virus infection occurs mainly during early childhood, and mother-to-infant transmission accounts for approximately 50% of chronic infection cases. Conversely, the incidence of mother-to-infant HCV transmission is less than 5%. 6 Most HCV infection is transmitted through contact with the blood of an infected person or with contaminated materials. 1 The first evidence of cancer prevention by vaccination in humans emerged from a history of HBV vaccination in infants. 1,5 The world's first nationwide HBV universal vaccination program for infants was launched in Taiwan in July 1984. 5, 8, 9 Three doses of HBV vaccine were given to all infants starting from the first week of life. Encouragingly, long-term studies have demonstrated that after the mass HBV vaccination program was implemented, the incidence of HBV infection declined significantly. 10Y12 Although the number of newly acquired HBV infections has declined substantially since the implementation of this national immunization program, the prevalence of chronic HBV and HCV infection remains high in some disadvantaged areas. 11 There is still no vaccination to prevent HCV infection or to treat HCV carriers. Hepatitis C virus infection causes chronic hepatitis in 70% to 80% of cases, 20% of which develop into liver cirrhosis, and a further 5% develop into HCC. 10 Hepatitis C virus is spread primarily by blood-to-blood contact associated with intravenous drug use, poorly sterilized medical equipment, and transfusions. Therefore, with the increasing prevalence of drug abuse and tattoos among young adults and an increasing need for dialysis in adult patients, preventing HCV infection is becoming even more important. 10 A previous study indicated that both overall and nonalcoholic liver diseaseYrelated morbidity in hospitals is considerably higher among patients infected with HCV compared with those infected with HBV. 13 In Taiwan, the prevalence of HBV and HCV infection is 15% to 20% and 2% to 3%, respectively. An estimated 2.5 million to 3.0 million people are HBV carriers, and 60% to 90% of them are at risk of liver cirrhosis and HCC. Correspondingly, almost 90% of HCC patients were found to be infected with HBV. 5, 10 Although there is currently no vaccine for HCV, there is evidence that some antiviral drug treatments are effective, reducing the incidence of hepatic cancer by 78% and liver cirrhosis by 47%. 1 However, many adults still get chronic virus infections because there is limited information on and limited availability of efficient treatments for HBV and HCV carriers, especially in disadvantaged areas. Although it has been found that many HBV and HCV carriers remain healthy (inactive carriers), others go on to have liver cancer. Why only some infected individuals go on to develop HCC and what the underlying mechanism for this is remain unclear. It also remains to be determined whether specific health-related behaviors are a risk factor for these individuals.
Many studies have demonstrated that HCC is associated not only with HBV or HCV infection but also with former or current smoking, obesity, and heavy alcohol intake. 14Y16 Previous findings have indicated that HBV and HCV carriers should undertake at least 5 important health-related checks and modifications 1, 15, 17, 18 ; regular monitoring (eg, every 3Y6 months) for the early diagnosis of chronic liver disease; adopting appropriate therapies and avoiding selfmedication; and avoiding the overuse of alcohol, betel nuts, and tobacco. 10, 15 Medical experts in Taiwan have drawn attention to the fact that certain behaviors considered to be unhealthy, such as consuming alcohol, chewing betel nuts, and smoking, appear to have negative effects on liver function and liver health, as indicated by evaluations including serum glutamate-pyruvate transaminase (SGPT), serum glutamic oxaloacetic transaminase (SGOT), and gammaglutamyl transpeptidace. 19, 20 It has also been shown that obesity has a negative impact on liver function, which likewise results in, for example, increasing SGPT and SGOT. 6 A more sedentary lifestyle is a risk factor for obesity, and obesity, in turn, can increase fasting glucose levels and negatively affect an individual's general health. 21 n Conceptual Framework
The conceptual framework for this study was based on part of the Health Belief Model (HBM), concepts of health promotion, and on previous studies of liver cancer prevention. The HBM was originally proposed by Rosenstock and was subsequently modified by Becker. 22 It has been used to predict protective health behaviors, such as screening or vaccination uptake and compliance with medical advice. 23 The HBM is based on the assumption that an individual's preventive health behaviors are modified by his/her beliefs as to the severity of the disease, his/her demographic characteristics, and cues to action. The model suggests that whether people change their behavior will be influenced by an evaluation of its feasibility and benefits weighed against the costs. The World Health Organization defined health promotion, in part, as enabling people to gain control over their lives. Based on the previously identified factors associated with liver function, 24 many predictors of poor liver function have been identified. These include sociodemographics such as gender, age, economic status, and education. Biological and personal factors included viral infection, blood pressure, alcohol consumption, betel nut chewing, smoking, obesity, and self-care behaviors. 10, 15, 19, 20 On the basis of these concepts, we assumed that individual perceptions of the barriers and facilitators to having regular check-ups were associated with health-related behaviors. In addition, unhealthy habits, a sedentary lifestyle, and hepatitis infection could be important risk factors associated with liver health. Therefore, we designed this study to evaluate the relationship between health status (as measured, eg, by using biomarkers) and health-related behaviors (eg, alcohol consumption, chewing betel nuts and smoking) in individuals with or without HBV or HCV infection. n Methods
Study Population and Design
This work was part of a longitudinal study of health promotion for community health development led by community health nursing faculties around areas of endemic liver and oral cancer in Yunlin County, which is a coastal region of southwestern Taiwan. A cross-sectional descriptive design and communitybased health screening survey was conducted between August 2011 and July 2012. The survey participants were selected by convenience samples from the southwestern coastal area. The inclusion criteria for this project were that subjects should be (1) 20 years or older, (2) fully independent in managing daily life, (3) able to complete the questionnaire in Mandarin or Taiwanese dialects either by self-administration or at interview and not have any serious learning difficulty, (4) able to walk to the community hospital, and (5) able to provide signed, informed consent before being enrolled in the study. Exclusion criteria were (1) a serious learning difficulty and (2) inability to answer questionnaires. In total, 6805 participants enrolled for the full statistical analysis.
Procedures and Ethical Considerations
This study was approved by the institutional review board of Chang Gung Memorial Hospital Ethics Committee No. 100-3726-B. The purpose of the health screening survey was explained to all invited participants, as was the need to fast from midnight on the day of the assessment. Subjects were recruited by district leaders from 27 rural villages. The interview was conducted after informed consent had been obtained. All participants were interviewed in a local contract hospital that participated in health screening before the blood sample was taken and the patient was examined by a physician.
Less than 10% of the data were collected using a selfadministered questionnaire, and the rest were obtained through interviews conducted by 12 research assistants. Research staff read the questions in Taiwanese or Mandarin to participants who were unable to read the questions themselves. To check for possible measurement error, the research assistants were separated into 6 pairs before the start of the project and were asked to interview an elder in the community activity center, which allowed us to confirm a 90% correct response rate of interrater reliability among these 6 pairs. There are 22 self-report items in the health survey, and it took each participant 10 to 15 minutes to complete the questionnaire. To make the questionnaire easy to understand, most of the behaviors were recorded as 1 response from 2 or 3 categories.
Data Collection

HEALTH STATUS
Health status was measured using biomarkers of liver function, biochemical and physiological tests, and self-reported health parameters among adults with or without HBV or HCV infection.
Specific biomarkers of liver function, including detection of
HBV and HCV and SGPT (normal liver function defined by SGPT G40 mU/mL), were recorded in the medical record of each subject by the hospital during the physical examination (PE). The presence of hepatitis B surface antigen and antibody against HCV in serum samples were determined using enzyme-linked immunoassays. 2. General biochemistry and physiological parameters. These included (a) fasting blood glucose (normal range, G110 mg/dL), (b) systolic and diastolic blood pressure measured on-site by standard procedures during the study (normal range, G140/90 mm Hg), and (c) body mass index (BMI), calculated using the standard formula (weight in kilograms divided by square of the height in meters). According to the nationwide standard set by MOHW, 3 participants with BMI greater than 24 kg/m 2 and those with BMI greater than 27 kg/m 2 were classified as being overweight and obese, respectively. 3. Self-report of health status. Participants were asked to self-rate using a scale of 1 of 4 their response to the question ''How do you feel about your health compared with your friends? Feel good/feel ok (so-so)/don't feel good/feel bad.'' These 4 levels of self-perception of health status were recorded as 3 categories: feel good, feel fair, and feel bad. and self-medication, were examined. The responses were collected during a standardized personal interview according to a structured questionnaire. Regarding the 3 current behaviors of alcohol use, betel nut chewing, and smoking, participants were classified as being in the ''less consumption'' category if they had never consumed alcohol or had not consumed it for 1 year or the ''regular consumption'' category if they were currently consuming alcohol. Regarding regular exercise, participants were classified as being in the ''not often'' category if their answer was never or sometimes or the ''often'' category if they usually exercised for more than 30 minutes per day, 3 times per week, or 150 minutes per week. The participants were asked ''during the past 5 years, have you undergone an annual PE check-up at any health agency or hospital'' and ''do you buy drugs or medication for your health without medical prescription?''
HEALTH-RELATED BEHAVIORS
DEMOGRAPHICS
Participants' characteristics were obtained through structured questions relating to age (year of birth), gender, economic status (3 levels categorized as good, fair/not bad, and poor/bad), and educational attainment (years of education received or school level graduated).
Statistical Analysis
SPSS (version 17.0) was used for data analyses. All tests were 2 sided, and P values G.05 were considered statistically significant. The demographics and health-related behaviors of the participants were summarized using descriptive statistics. To compare demographics, health status, or health-related behaviors between individuals with and individuals without HBV or HCV infection, the # 2 statistic for testing equality of proportions or rates was used. As discussed in the ''Conceptual Framework'' section, a biomarker of liver function (SGPT) was chosen as an outcome variable of health status to investigate the factors associated with health-related behaviors and demographics among individuals with or without HBV or HCV infection. Multivariate regression was used to analyze the determinant factors associated with liver function that were chosen on the basis of likely and relevant confounders after univariate analysis.
n Results
Participant Characteristics and Health-Related Behaviors
Of the 7495 community residents who participated in this project, 6805 completed most of the PE items at the local hospital and were older than 20 years. The mean (SD) age of the study cohort was 49. 8 (Table 1) . There was a high proportion of HBV carriers among men (# 2 = 26.6, P G .001) and of HCV carriers among women (# 2 = 8.6, P G .01). Carriers of HBV tended to be younger than 65 years (# 2 = 26.1, P G .001), to have received less education (# 2 = 17.7, P G .001), and to be more likely to currently consume alcohol (# 2 = 14.8, P G .001), chew betel nuts (# 2 = 21.5, P G .001), and smoke (# 2 = 17.6, P G .001) than the HBV-negative group ( Table 1) . Carriers of HCV were significantly more likely to be older (# 2 = 933.5, P G .001), have a lower educational level (# 2 = 803.8, P G .001), be in economic difficulties (# 2 = 168.1, P G .001), and be selfmedicating (# 2 = 46.5, P G .001) than the HCV-negative group. Carriers of HCV tended to have lower incidences of alcohol consumption (# 2 = 92.7, P G .001) and smoking habits (# 2 = 12.2, P G .001) than the HCV-negative group.
Health Status Among Individuals With or Without HBV or HCV Infection
Levels of the specific biomarker of liver function, SGPT, were significantly higher in HBV (# 2 = 24.7, P G .001) and HCV (# 2 = 388.4, P G .001) carriers than in the noncarrier groups. Carriers of HCV also showed a significant tendency to selfreport their health status as ''feel bad'' (# 2 = 167.6, P G .001) ( Table 2 ). The proportions of individuals either overweight or obese were 53% among HBV carriers and 62% among HCV carriers, significantly higher than in the HCV-negative group (# 2 = 38.8, P G .001). Carriers of HCV had significantly higher systolic blood pressure (# 2 = 205.2, P G .001), diastolic blood pressure (# 2 = 25.8, P G .001), and fasting blood sugar levels (# 2 = 145.4, P G .001) than the HCV-negative group did. There were similar differences in systolic blood pressure, diastolic blood pressure, and fasting blood sugar levels between HBV-positive and HBV-negative participants.
Determinant Factors Associated With Health Status
Multivariate regression analysis (Table 3 ) demonstrated that the determinant risk factors of poor liver function were HCV infection (" = .22, P G .001), HBV infection (" = .09, P G .001), being overweight (" = .14, P G .001), fasting blood sugar levels greater than 110 mg/dL (" = .06, P G .001), systolic blood pressure greater than 140 mm Hg (" = .06, P G .001), smoking (" = .05, P G .01), betel nut chewing (" = .04, P G .01), and alcohol consumption (" = .04, P G .01) after adjusting for other potential confounding variables (eg, age, gender, education, economic status, and self-medication) associated with liver function. n Discussion Taiwan launched the universal HBV vaccination program for infants about 28 years ago, and there is accumulating evidence that the incidence of HBV infection has declined significantly since then. 10Y12 According to the study by Ni and Chen 9 and Lu et al, 6 the seroprevalence of hepatitis B surface antigen declined from 9.8% (prevaccination period) to 0.6% and the seroprevalence of the antibody to hepatitis C antigen was 3.7% after 20 years of mass vaccination. However, the prevalence of chronic HBV (18.7%) and HCV (20.8%) infection was still high among the study cohort that we report here. Although HCV carriers tend to be older (94% were 940 years old), HBV carriers were generally either young or middle aged (Table 1) . Furthermore, HBV and HCV carriers had significantly elevated levels of the liver function biomarker SGPT ( Table 2) . These results might reflect the findings in the official report that liver cirrhosis and HCC are the most common causes of death in Yunlin County. 3 This might be attributable to the lack of health education, poverty, illiteracy, lack of hepatitis B vaccination, and lack information about HCV treatments for adults in rural areas until a few decades ago. According to the HBM, the adoption of health-related behaviors associated with individual perceptions of the sensitivity and severity of disease, together with an insufficient health service in rural areas, might reduce the uptake of annual physical check-ups among both carriers of HBV and of HCV. It is striking that most of the hepatitis virusYinfected participants were socioeconomically disadvantaged, often being less well educated, less likely to undergo regular physical check-ups, and more likely to be in economic difficulties. Therefore, further study is required to evaluate the effectiveness of behavioral changes in the present cohort study. Previous studies have shown that alcohol consumption, betel nut chewing, and smoking are risk factors for HCC, especially for HBV and HCV carriers, 17, 18, 20 and current smoking was found to be associated with an increased risk of mortality from HCC in men. 17, 18 Furthermore, the relative risk of mortality from HCC for HBV carriers was 24 times that in HBV-negative men. 14 In a Europe-wide study, 16 smoking, alcohol consumption, and obesity contributed to HCC more than chronic HBV and HCV infections did. Although the present study did not focus on HCC, many HBV and HCV carriers, especially HBV carriers, still regularly consumed alcohol, betel nuts, and cigarettes (Table 1) . Therefore, further study is needed to assess the health knowledge, attitude, and skills that could help HBV and HCV carriers give up these high-risk habits. In terms of the conceptual framework of this study, creating health literature that acts as a cue to action for people to adopt more healthy behaviors is also an important goal.
In a case control study, Tsai et al 17 found an additive interaction between betel nut chewing and the presence of either HBV or HCV infection in HCC patients. Moreover, a higher risk of HCC was associated with a longer duration of betel nut chewing, 17, 18 and there was a significant dose-response relationship between the risk of HCC and the number of substance use habits. 20, 25 Wang et al 18 found that habitual alcohol drinking, betel nut chewing, and smoking are associated with an increased risk of HCC. Aside from the association between HBV or HCV infection and abnormal liver function, this study revealed that other determinant risk factors were being overweight or obese, smoking, betel nut chewing, alcohol consumption, fasting blood sugar levels greater than 110 mg/dL, and systolic blood pressure greater than 140 mm Hg. These findings are similar to those of Lin et al, 25 who showed that HBV or HCV carriers in an aboriginal population with a high incidence of alcohol consumption, betel nut chewing, and smoking also had the most elevated levels of biomarkers for abnormal liver function, for example, gamma-glutamyl transpeptidace, SGOT, and SGPT. Montella et al 15 also pointed out that although HBV or HCV infections are the leading causes of liver cancer, some important lifestyle factors also contribute to HCC, for example, alcohol consumption, diabetes, and obesity. The pathway by which obesity increases risk could involve its association with nonalcoholic fatty liver disease. Obesity and diabetes are also likely to be risk factors for HCC. 15 In addition, we found that nearly half of all HBV and HCV carriers did not exercise regularly. Many other studies have supported the finding that obesity is associated with an increased incidence and prevalence of type 2 diabetes and cardiovascular disease. Unfortunately, many HBV and HCV carriers in this study did not undergo regular annual PE check-ups; 3-to 6-month assessments are recommended by medical experts. 3 Therefore, to reduce the risk of liver cirrhosis and HCC among HBV and HCV carriers in rural areas, the strategies should include a modification of unhealthy lifestyles, for example, abstaining from alcohol, smoking, and betel nut chewing and weight reduction and diabetes prevention through effective and individualized, culturally tailored health education. As a community healthcare provider, it is necessary to advocate that HBV and HCV carriers receive high-quality care through policy decision making, for instance, providing 3 doses of free HBV vaccination booster to adolescents when their antibody titer from infant vaccination has dropped to zero or free antivirus treatment for adult HCV carriers.
Limitations and Recommendations
This study has several limitations. First, the participants were recruited by nonrandom sampling and most of them apparently had received less than 6 years of education. This might limit the generalizability of the findings. Second, the use of cross-sectional data poses a limitation and precludes the inference of causal relationships. Third, self-reporting often underestimates healthrelated behaviors such as the true frequencies of alcohol consumption, betel nut chewing, and smoking. Finally, selection and recall bias need to be considered because the participants might have been incapacitated by various health conditions.
Conclusion and Implications for Practice
From health promotion and cancer prevention perspectives, evidences proved that HBV and HCV infections are the leading causes of liver cirrhosis and HCC. 1, 4 This study provides valu-able information about the prevalence of HBV/HCV infection in rural areas and the relationship between HBV infection and current alcohol consumption, betel nut chewing, and smoking. Carriers of HCV were, on average, significantly older, less well educated, had a lower economic status, and tended to selfmedicate. They were also more likely to be overweight and have abnormal blood pressure and fasting blood glucose levels. Both HBV and HCV carriers frequently had a poor health status, poor liver function, and unhealthy lifestyles. Some risk factors, such as gender, age, and education status, cannot be modified. However, from the perspective of health promotion, clinicians might (1) provide more education to help the community understand the relationships between liver disease and being overweight, drinking alcohol, betel nut chewing, smoking, and self-medicating, (2) tackle HBV and HCV transmission when ethically acceptable, including the avoidance of blood donation and sexually transmitted disease, (3) link more resources from local health agencies to initiate health promotion programs including weight loss and lifestyle modification, (4) refer participants with abnormal liver biomarker levels to the teaching hospital for further diagnosis and treatment, and (5) develop a cell phoneYbased system to remind HBV and HCV carriers to attend regular check-ups.
